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(54) Spread spectrum diversity transmitter/receiver 


(57) In a diversity transceiver, after coding transmis- 
sion data by means of an error-correction coder (101). 
the data are divided into N branches, pass through a plu- 
rality of delay elements (1 02), undergo interleaving in an 
interteave circuit (103), prirrary modulation in a modula- 
tor (104). undergo spread-spectrum processing in a 
spread-spectrum circuit (105), and are coded/multi- 
plexed In a synthesizer (106), and finally transmitted by 
a transmitter circuit (108). On reception, the signals 
transmitted by the transmitter are divided into N 
branches by a branch circuit (111). undergo inverse 


spread-spectrum processing in inverse spread-spec- 
trum circuits (112), undergo demodulation in a demodu- 
lator (1 13) corresponding to the primary modulation on 
the transmission side, undergo de-Interleaving at a de- 
Interleave circuit (114). and after delay coordination at 
delay elements (1 1 5). undergo n^jortty-discrimination at 
a majority-discrimination circuit (116), and finally are 
enor corrected in an error-correction decoding circuit 
(117). The system provides good protection against 
burst errors. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Reld of the Invention: 5 

The present invention relates to a diversity transmit- 
ter/receiver, and in particular, to a diversity transmit- 
ter/receiver which uses spread-spectrum coded 
multiplexing with interleaving en-or connection for digital io 
radio transmission in which severe multipath fading is fre- 
quently a problem. 

2. Description of the Related Art: 

IS 

Diversity receiving is generally required for fading 
lines In radio communication. Fading can be broadly 
divided between flat fading and selective fading. In flat 
fading, multipath propagation does not occur, but rather, 
the directly received waves themselves undergo f luctu- 20 
ations in amplitude and phase during propagation. In 
selective fading, on the other hand, multipath propaga- 
tion occurs and each of the waves arriving by multipath 
independently undergo fluctuations in anplitude and 
phase. In ttiis case, the received signal is a synthesized 25 
wave made up of the plurality of multipath waves, and 
therefore, may result in Inverse-phase synthesis at par- 
ticular frequencies due to phase fluctuation conditions. 
In other words, selective fading (notches) may occur at 
frequencies within tiie received spectrum. \/Vhile the 30 
received waveform itself undergoes no distortion in the 
case of the above-described flat fading, fluctuation in the 
reception level becomes a problem. In the case of selec- 
tive fading due to muttipatfi, however, fluctuation in 
reception level as well as distortion in the received wave- 35 
form occurs. 

Diversity receivers and adaptive equalizing tech- 
niques have been used in the prior art to deal with the 
above-described fading line. While tiiese include various 
methods, we will here take up as tiie prior art spread- 40 
spectrum transmission, which has been found to be 
effective against multipath distortion. Spread-specb*um 
transmission has been used for military applications for 
achieving robust transmission despite Interference 
waves. However, multipath waves, which have a long 4s 
delay time, have low conrelation with the principal-wave 
signal. If spread spectrum is applied in such a case, the 
multipath waves do not con-elate with the diffusion coding 
and are suppressed by the Inverse diffusion operation. 
Essentially, spread spectrum treats multipath waves as so 
interference and can be considered a type of adaptive 
equalizer. Multipath waves of short delay time, however, 
have a high congelation with the principal-wave signal and 
therefore should not be suppressed by inverse diffusion. 
In this case, the small delay time between the multipath ss 
wave and principal wave results in potential fade-out of 
the received signal due to inverse synthesis. A diversity 
receiver that uses the non-conrelation between a plurality 


of propagation paths serves as an effective measure 
against such fade-out. 

Rg. 1 A illustrates the principles of diversity transmis- 
sion and reception, while Figs. 1 B. 1 C, and 1 D show fluc- 
tuations in the received field levels of diversity paths 503, 

504, and 505. respectively Fig. 1E shows the fluctua- 
tions in received field level for the output (combined 
diversity) of receiver 502. 

Transmitter 501 Is assumed to employ one nondirec- 
tional antenna for transmssion. A model will be consid- 
ered in which multipath propagation occurs, and radio 
waves emitted by a nondirectional antenna are propa- 
gated along paths including diversity path 504. which is 
a direct propagation path, and diversity paths 503 and 

505. which are reflected waves. In such a case, the paths 
differ spatially and fading therefore occurs independentiy 
for each path to produce the fluctuations in received field 
level shown in Figs. IB. 1C. and 1D. Diversity reception 
for coping wrtii such a case decreases the probability of 
fade-out by synthesizing (Fig. 1E) or by selecting por- 
tions of each of the diversity branches where fade-out 
does not occur. This form of diversity takes advantage of 
the noncorreiation between the propagation paths, and 
is therefore termed diversity or path diversity. As a means 
of realizing this path diversity, an adaptive an-ay employ- 
ing, for exanple, a plurality of antennas is generally 
adopted. In other words, a plurality of amving multipath 
waves are extracted through directional control of an 
adaptive array, and diversity syrrthesis is enabled by 
maximum ratio syrrthesis. 

Fig. 2 shows the configuration of a spread-spectrum 
diversity transmitter/receiver in which spread specfe-um 
is combined witii diversity. Fig. 2A showing the transmit- 
ter and Fig. 2B showing the receiver. 

The transmitter Is composed of error-correction 
coder 401, interleave circuit 402, branch circuit 403. N 
modulators 4041-404^, N spread-spectrum circuits 
405i-405n, synthesis circuit 406, transmitter 407. and 
fa^nsmission antenna 408. 

The receiver Is composed up of N reception anten- 
nas 409i-409n, N receivers 410^-410^, N inverse 
spread-spectrum circuits 41 1 1-411^. diversity synthesis 
circuit 412, demodulator 413, de-interleave circuit 414, 
and decoder 415. 

The prior art shown in Fig. 2 does not relate specif- 
ically to any reference and is sinply a combination of 
coded multiplexing through a spread spectrum, normal 
diversity syrrthesis and interleave error correction. For 
furtiier details regarding each of spread spectrum, diver- 
sity, or interleave error correction of the prior art. refer- 
ence may be made to texts such as "Principles of Secure 
Communication Systems" by Don J. Ton-ieri (Artech 
House). 

In the transmitter, error-correction coder 401 and 
interleave drcuit 402 perform coding for burst error cor- 
rection. The coded data are split into N branches at 
branch circuit 403. subjected to primary modulation at 
modulators 4041-404^. and further diffused at spread- 
spectrum circuits 405i-405n. Coding/multiplexing is then 
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performed at synthesis circuit 406 using irxJeperxJerrt dif- 
fusion codes for eadi branch. In other words, N branches 
of coded multiplexed channels are used in the diversity 
transmission. Each synthesized wave is transmitted from 
transmission antenna 408 by way of transmitter 407. 

At the receiver, the N t)ranches of signals received 
at N reception antennas 409^-409|si. pass through 
receivers 410^ -41 0^, and are inverse spreading at 
inverse spread-spectrum circuits 4111-411^ using the 
diffusion code relevant to each transmtsson-side 
branch. These operations result in the extraction and 
separation of N branches of signals which are then input- 
ted to diversity synthesis circuit 412. It must be noted 
here that in order to effect diversity, the signal of each 
branch must have no correlation. More concretely, the N 
reception antennas must each receive and extract differ- 
ing multipath waves arriving from different angles. In 
some cases, noncorreiation between the arttennas can- 
not be guaranteed by installed spacing of the N reception 
antennas 409i-409|sj. For example, in the case of an 
adaptive antenna set up at an integer power of a haH- 
wavelength of the radio frequency, correlation occurs 
between the received signals of antenna elements. In 
such a case, it is necessary to provide N subcirray proc- 
essors in the section following receivers 410i-410n, and 
to extract sigruils through N buses using N equivalent 
antenna beam controls. There are no references directly 
relating to this process, but a combination of the adaptive 
array and spread-spectrum methods for eliminating 
interference waves is proposed In "Combination of Adap- 
tive Array Antenna and a Canceller of Interference for 
Direct-Sequence Spread Spectrum Multiple Access 
System" by R. Kohno et al. (IEEE Journal of Selected 
Areas in Communications, Vol. 8 No. 4, May 1990). 

Various methods exist for diversity synthesis circuit 
412, including a linear synthesis type using an adaptive 
filter and a type that performs switching diversity. An 
example of the synthesis type of the prior art is described 
in Japanese Patent Laid-open No. 167829/1992. In this 
putslication. the relation between discrimination data of 
a demodulator and branch Intervals is used to carry out 
spread-spectrum cfiversrty syrtthesis. Demodulator 413 
depTKXjulates the primary modulation of the transmitting 
side, and deinterteave circuit 414 and decoder 415 exe- 
cute burst error-correcting. Burst error-correction is 
adopted In the prior art shown in Fig. 2, but because hits 
tend to occur in a multipath fading propagation path, this 
is used for dealing with burst errors. 

In the above-described prior art. noncorrelative 
diversity branch received waves are extracted, and 
therefore, an adaptive array or an adaptive diversity syn- 
thesis construction using a plurality of antennas is nec- 
essary for effecting diversity synthesis. Accordingly, 
reception antennas and receivers are required in a 
number equal to the number of diversity branches, result- 
ing in the drawtsack of increased scale of the receiving 
skde apparatus. Rg. 1 illustrates one example of multip- 
ath routes, but multipath caused by reflectors vary 
according to the suttstance of the reflectors themselves. 


arxJ multipath conditions are rrot always constant partic- 
ulariy in larvJ mobile communication. In other words, it 
cannot be assumed that multipath always exists, and in 
such cases, there is the problem that decrease of diver- 
5 sity branch degree is accompanied by loss of the path 
diversity effect 

SUMMARY OF TVIE INVENTION 

10 The object of the present invention Is to provide a 
spread-spectrum diversity transmitter/receiver having a 
limited scale and moreover, that ensures constant and 
stable diversity branches. 

The first spread-spectrum diversity transmit- 

15 ter/receiver according to the present invention includes: 
a transmitter that includes error-correction coding 
means for error-correction coding data to be sent, delay 
means for conferring differing delay times for each 
branch signal derived by dividing output of the error-cor- 

20 rection coding means into a plurality of branches, inter- 
leave means for interieaving each branch output of the 
delay means, modulating means for individually modu- 
lating each branch output of the interieave means, 
spread-spectrum means for spreading the spectrum of 

25 each branch output of the modulating means by differing 
diffusion codes, syrrthesizing means for synthesizing 
and coding/multiplexing the output of the spread spec- 
tium means, and transmitting means for transmitting the 
coded/multiplexed signal; and a receiver that includes 

30 receiving means for receiving the coded/multiplexed sig- 
nal, branching means for branching the received signal, 
inverse spread-specto'um means for inv^e-spreading 
the spectrum of each branch signal by means of the plu- 
rality of diffusion codes of the transmitting side, demod- 

35 ulating means for individually denrkodulating each of tiie 
received signals of the plurality of branches that have 
been coded and separated by the inverse spread-spec- 
trum means, de-interleave means for executing de-inter- 
leaving which is the reverse of interleaving of the 

40 transmitting side upon the plirality of demodulated 
branches of received signals, delay means for delay 
coordination of each branch output of the de-interieave 
means by conferring differing delay times so as to absorb 
delay differences between branches conferred by the 

45 delay means of the transmitting side, majority-discrimi- 
nating means for majority discrimination of each branch 
signal derived by the delay means, and en'(»'-conrection 
decoding means for performing error-correction decod- 
ing of the discrimination data of the majority-discriminat- 

50 ing means. 

A second spread-spectrum diversity transmit- 
ter/receiver according to the present invention ir^cludes: 
a transmitter that includes delay means for con- 
ferring differing delay times on each branch signal 

55 derived by branching data to be transmitted into a plural- 
ity of branches, interieave means for interieaving each 
branch output of the delay means, modulating means for 
individually modulating each branch output of the inter- 
leave means, spread spectrum means for spreading the 
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spectrum of each branch output of the modulating means 
by differing diffusion codes, synthesizing means for syn- 
thesizing and coding/muttiplexing the output of the 
spread spectrum means, and transmitting means for 
transmitting the codedAnuftiplexed signal; and s 

a receiver that includes receiving means for 
receiving the coded/multiplexed signal, inverse spread 
spectrum means for branching the received signals and 
executing inverse spread spectrum by means of the plu- 
rality of diffusion codes of the transmitting side, demod- w 
ulating means for individually demodulating each of the 
received signals of the plurality of branches that have 
been coded and separated by the inverse spread spec- 
trum means, de-interleave means for executing de-inter- 
leaving which is the reverse of interleaving of the is 
transmitting side upon the plurality of demodulated 
branch received signals, delay means for delay coordi- 
nation by conferring differing delay times for each branch 
oulput of the de-interleave means so as to absorb the 
delay differentials between branch signals conferred by 20 
the delay means of the transmitting side, and majority- 
dtscriminating means for majority discrimination of each 
branch signal derived by the delay means. 

The present invention realizes a spread-spectrum 
diversity transmitter/receiver thirough a combination of ss 
time diversity, which uses coding/muttiplexing, and burst- 
error correction, which uses interleaving, and does not 
employ frequency diversity, which expands the fre- 
quency bandwidth, or space diversity, which deperxis on 
muttipath routes. 30 

The first spread-spectrum diversity transmit- 
ter/receiver according to the present invention not only 
uses interleaving to randomize burst error arising from, 
for example, hits resulting from multipath ^ing, but also 
uses delay differential processing to randomize the effect 35 
of burst error among the diversity branches, and in addi- 
tion, uses diversity branches to suppress random error 
through a majority discrimination process. This is a time 
diversity operation, and majority discrimination is equiv- 
alent to diversity synthesis or diversity switching synthe- 40 
sis. Ck)nsequentiy, diversity receiving through 
codingAnultiplexing is enabled in spread-spectrum trans- 
mission without errqsloying frequency diversity or space 
diversity through a plurality of fixed antennas or an adap- 
tive array. 4S 

In the second spread spectrum diversity transmit- 
ter/receiver, the error-correction coding means and the 
error-correction decoding means have been eliminated 
from the first spread spectoim diversity transmit- 
ter/receiver. As explained hereinabove, in the first spread so 
specU-um diversity transmitter/receiver, delay differential 
processing for every diversity, interleave processing, and 
majority cfiscrimination processing have the effect of sup- 
pressing bit error. This bit error cannot always be 
assumed to be entirely eliminated, but by increasing the ss 
diversity branch number N. it is clear that the bit error 
ratio can be signrficantiy improved through majority dis- 
crimination. In such a case, therefore, line quality can be 
ensured even if error-correction processing is omitted. 


As a result, the error-correction coding means and error- 
correction decoding means have been eliminated in the 
second spread spectrum diversity transmitter/receiver. 
In this case, because the additional bits for error correc- 
tion are unnecessary and the signal bandwidth need not 
be increased, line quality can be maintained through 
diversity alone. This is advantageous in terms of effective 
use of frequency in consideration of a case in which fre- 
quency resources are limited. 

The above and other objects, features, and advan- 
tages of the present invention will become apparent from 
the following description with reference to tiie accompa- 
nying drawings which illustrate examples of the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1A illustrates the basic principle of a diversity 
transmitter/receiver ; 

Fig. 1B-1E show fluctuations in the electa'ical field 
level of received signals of diversity paths 502, 503, 
504. and 505; 

Rgs. 2A and 2B show the configurations of a trans- 
mitter and receiver of a diversity transmitter/receiver 
of the prior art; 

Rgs. 3A and SB show the configurations of a ta-ans- 
mitter and receiver of a diversity transmitter/receiver 
according to the first emkxxliment of the present 
invention; 

Rg. 4 illustrates that the diversity synthesis effect 
can be obtained in the first embocEment; and 
Rgs. 5A and 5B show the configurations of a trans- 
mitter and receiver of a diversity transmitter/receiver 
according to the second embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIfMENTS 

Rg. 3 shows the construction of a spread spectrum 
diversity transmitter/receiver according to tiie first 
embodiment of the present invention, and Fig. 4 illus- 
trates the operation of the embodimerrt. 

The transmitter (Rg. 3A) is composed of an error- 
correction coder 101, (N-1) delay elements 102^-102|^. 
1, N interleave circuits 103^103^. N modulators 104i- 
104|sj, N spread spectrum circuits 105i-105n. a synthesis 
circuit 106, a transmitter 107, and transmission antenna 
108. 

The receiver (Fig. SB) is conposed of a receiving 
antenna 109, receiver 110, branch circuit 1 1 1 , N inverse 
spread-spectrum circuits 112^112^, N demodulators 
113i-113|si, N de-interleave circuits 114i-114n. N delay 
elements 115i-115|sj. majority discrimination circuit 116. 
and error-con'ection decoder 117. 

In the transmitter, transmission data are coded by 
error-correction coder 101 , divided into N branches, and 
then passed on to delay elements 102^-102^^.^ Here, 
branch 1 is set as a non-delayed branch. The second 
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branch receives a delay o1 t2 at delay element 1022. and 
the Nth branch receives a delay of tN at delay element 
102^.^ Here, delay times t2, t3. - tN are all different 
from each other. At interleave circuits 103i-103n of the 
follo\Anng section, each branch undergoes interleave 
processing. Here, the interleave period may be equal for 
all branches and are may differ for every branch. The 
present explanation will deal with a case in which the 
interleave period for all branches is the same. The output 
of interleave circuits 1031-103^ next undergoes primary 
modulation by nrodulators 104i-104m. The nxxlulation 
method is assumed to be a quadrature modulation such 
as BPSK or QPSK. The N branches of modulated waves 
are next diffused by spread-spectrum circuits 105^- 
105n. the diffusion codes used here differing for each 
branch. Coding/multiplexing is next performed at synthe- 
sis circuit 106 and the signals Eire finally transmitted 
through transmitter 107 and transmission antenna 108. 

At the receiver, rather than using N receiving anten- 
nas and N receivers as descried in the prior art of Rg. 
2, receiving is performed by one receiving antenna 109 
and one receiver 110. The waves received by receiver 
1 1 0 are divided into N branches by brandi circuit 111, 
and inverse diffused by inverse spread-spectrum circuits 
1 12^-1 12|v|. Here, by carrying out inverse diffusion using 
the same diffusion codes as used in the transmitter, 
coded/multiplexed modulated waves can be separated 
and extracted for every branch. Demodulators llSr 
1 13|M of the following section demodulate according to 
the primary modulation performed in the transmitter. The 
data signals determined at the modulators are de-inter- 
leaved at de-interieave circuits 1 14^-1 14^^, and after fur- 
th^ undergoing delay coordination at delay dements 
115^-1 15m, ^6 subjected to majortty-discrimination at 
majority-discrimination circuit 1 1 6. The output of this cir- 
cuit 116 finally undergoes enror correction at error-cor- 
reclion-decoder 117. 

Next. Fig. 4 will be used to explain how the diversity 
synthesis effect is obtained through the above-described 
operation. In this case. N = 4. 

Transmission data string 201 . which is the output of 
error-correction coder 101 . is divided into four branches 
and delay time differentials between the branches are 
applied through delay elements 101^1023. Here, the 
delay time differential between each of the branches is 
assumed to be a laigth of 10 bits. The four branches of 
transmission signals to which 10-bit delay differentials 
have been applied next undergo interieave processing 
at Interieave circuits 103^1034. the interieave period 
being assumed to be 6 x 6 = 36 bits. In this case, trans- 
mission data series 201 is written into an interleave 
memory for each branch according to interieave 
processing 202, asshown inthe figure. According to nor- 
mal interieave processing, data are written into an inter- 
leave txiffer memory configured as a matrix in a row 
direction (or column direction), and conversely, reading 
is carried out in a vertical column drection (or row direc- 
tion).- thereby sorting (interieaving) bits. Here, data are 
written into the interieave matrices corresponding to the 


8 

four branches derived from delay elements 102<}-1024 
with 10-bit delay differentials between each branch. For 
exanr^le, data "01" is written into row 1 column 1 of the 
memory for branch 1 . and at the same time, data "11" is 

5 written to row 1 column 1 for branch 2, data "21 * is written 
to row 1 column 1 for branch 3, and data **31" is written 
to row 1 column 1 for branch 4. When these data are 
read out for each branch in the column direction, the out- 
put data series will be as shown in 203-206. The four 

10 branch signals of these output data series 203-206 are 
coded/multiplexed and transmitted. In this example, the 
coded/multiplexed signals are frequency-conveted to a 
radio frequency and transmitted by transmitter 107. 
It must be noted here that the four diversity branches 

IS are transmitted by coding/multiplexing at the same radio 
frequency. Furthermore, one antenna is used for both 
transmitting arxd receiving, space diversity not being 
employed. The four diversity branch signals are propa- 
gated over the same spatial path, and accordingly, rather 

20 than being non-correlative, each received branch signal 
has a congelation of 1 . In other words, when a hit occurs 
due to multipath fading on the propagatton path, each of 
the diversity branches simultaneously receives a burst 
error. Such a burst error is indicating by the hatched por- 

25 tions of each series shown in 203-206. 

At the receiver, de-imerieave processing is carried 
out for each of the branch signals 203-206. In this case, 
de-int^eaving is the reverse operation of interieaving on 
the transmitting side whereby the received data are writ- 

30 ten to a buffer matrix for each tiranch in a column direc- 
tion (or row direction) and read out in a row direction (or 
column direction). 

Furthernrore. because delay differentials were 
applied between the branches by delay elemerrts 102^- 

35 1 02^.1 on the transmitting side, these delay differentials 
must be absorbed on the receiving side. For this pur- 
pose, the output of de-interleave circuits 114^-114(^ 
undergoes delay coordination by delay elements 1 1S^- 
115n. whereby the signal series sequence for each 

40 diversity branch coincides. 

TTie received signal series 203-206 are sorted by the 
edbove de-interieave and delay coordination as shown in 
207-210. thus randomizing on the time axis any burst 
error occurring on the propagation path. Ijooking at 204 

45 of the first branch and 208 of the second branch, for 
example, it can be seen from the hatched portions in the 
figure that burst error received on the propagation path 
has been converted to random error. Furthermore, the 
positions at which random enror occurs in branch 1 and 

so branch 2 do not coincide. On the other harKl. random 
enror in 209 of branch 3 and 210 of branch 4 does not 
appear in the figure, because the rarvlom error of 
branches 3 and 4 occurs after the passage of more than 
20-30 bits after the series shown in the figure. In other 

55 words, conf en-ing delay drffererrtials between the brar^ 
signals and interieavir^ has the effect not only of rand- 
omizing the burst error but of preventing the coincidence 
of the position of the randon^zed bit errors among the 
diversity branches. Branch signals 207-210 undergo 
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majority discrimination at majority-discrimination circuit 
116 of Fig. 3. Essentially, the majority is taken among 
branches In which bit error occurs arrd branches in which 
bit error does not occur, and the irrfbrmation bits in 
branches agreeing with the most branches is determined s 
to be the correct data. Among branch signals 207-210, 
only branches 1 and 2 have series In which bit error 
occurs, but even here, the bit error does not occur simul- 
taneously, and therefore, bit error is eliminated when a 
m^orrty is taken. The illustration shown in Ftg. 4 demon- w 
strates how bit error Is suppressed through majority 
processing, fcxrt it cannot be assumed that bit error will 
be eliminated in every case. In such cases, error-correc- 
tion-decoder 17 performs error correction. 

The present embodiment not only uses interleaving is 
to randomize burst en-or caused by hits originating from, 
for example, multipath fading, but uses delay differential 
processing to further randomize the effect of burst error 
among diversity branches, and in addition, uses diversity 
branches to further suppress this random error through so 
majority-discrimination processing. These operations 
are a form of time diversity, and majority discrimination 
is equivalent to diversity synthesis or diversity switching 
synthesis. Accordingly, In spread-spectrum treuismis- 
sion. diversity receiving through coding/multiplexing Is 2s 
enabled without resorting to space diversity using a plu- 
rality of antennas or an adaptive array, or frequerrcy 
diversity. 

Fig. 5 shows the configuration of a spread spectrum 
diversity transmitter/receiver according to the second 30 
enrbodimertt of the present invention. 

The transmitter (Fig. 5A) is composed of (N-1) delay 
elements 302^-302^-1. N interleave circuits 3031-303^. 
N modulators 304i-304m. N spread spectrum circuits 
305i-305|M. synthesis circuit 306. transmitter 307, and 35 
transmission antenna 308. 

The receiver (Rg. SB) Is composed of a reception 
antenna 309, receiver 310. branch circuit311, Ninverse 
spread-spectrum circuits 312^-312^. N modulators 
313i-313n, N de-interleave circuits 3141-314n. N delay 4o 
elements 3 15t -3 15|sj. and majority-discrimination circuit 
316. 

The constituent elements of the present embodi- 
ment are each equivalent to constituent elements of the 
embodiment of Fig. 3 having reference numerals with the 4s 
same ten-place and one-place numerals. 

The present enrtoodiment is the first embodiment 
shown in Fig. 3 with the error-correction coder 101 and 
error-correction decoder 117 onvtted. As explained in 
the first embodiment delay differential processing, inter- so 
leave processing, and majorlty^jiscrlmination process- 
ing for each diversity have the effect of suppressing bit 
errors. In series 211 shown in Fig. 4. bit errors have been 
eliminated. While bit errors cannot always be completely 
eliminated, the bit error ratio can clearly be improved sig- ss 
nificantly through majority discrimination as the number 
of diversity branches is Increased. Accordingly, line qual- 
ity can still be maintained even if error correction is omit- 
ted, and therefore, the en-or-correction coder and enor- 


correction decoder have been removed from the present 
embodiment. In such a case, the added bits for error cor- 
rection are not required, and line quality can be ensured 
through diversity alone without expanding the signal 
bandwidth. In other words, in consideration of a case in 
which frequency resources are limited, this embodiment 
is advantageous for effective use of frequency 

While preferred embodiments of the present inven- 
tion have been described using specific terms, such 
description is for illustrative purposes only, and it is to be 
understood that changes and variations may be made 
without departing from the spirit or scope of the following 
claims. 

Claims 

1. A spread-spectrum diversity transmitter/receiver 
comprising: a transmitter that comprises error-cor- 
rection coding means for error-correction coding 
data to be sent, delay means for conferring differing 
delay times to each branch signal derived by dividing 
output of said error-correction coding means inXo a 
plurality of branches, interleave means for interleav- 
ing each branch output of said delay means, modu- 
lating means for IncOvidually modulating each 
branch output of said interleave means, spread- 
spectrum means for spreading the spectrum of each 
branch output of said modulating means by differing 
diffusion codes, synthesizing means for synthesiz- 
ing and coding/multiplexing the output of said 
spread spectrum means, and transmitting means for 
transmitting the coded/multiplexed signal; and 

a receiver that comprises receiving means for 
receiving said coded/multiplexed signal, branching 
means for branching said received signal, inverse 
spread-spectrum means for inverse-spreading the 
spectrum of each branch signal by means of said 
plurality of diffusion codes of said transmitting side, 
demodulating means for individually demodulating 
each of the received signals of the plurality of 
branches that have been coded and separated by 
said inverse spread-spectrum means, de-interleave 
means for executing de-interleaving which Is the 
reverse process of said Interleaving of said transmit- 
ting side upon said plurality of demodulated 
branches of received signals, delay means for delay 
coordination of each branch output of said de-inter- 
leave means by conferring differing delay times to 
each so as to absorb delay differences between 
branches conferred by said delay means of said 
transmitting side, majority-discriminating means for 
majority discrimination of each branch signal 
derived by said delay means, and error-correction 
decoding means for performing error-correction 
decoding of said discrimination data of said majority- 
discriminating means. 

2. A spread-specb-um diversity transmitter/receiver 
comprising: 
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a transmitter that comprises delay meams for 
conferring differing delay times to each branch sig- 
nal derived by dividing transmission data into a plu- 
rality of branches, interleave means for interleaying 
each branch output of said delay means, modulating 5 
means for individually modulating each branch out- 
put of said interleave means, spread-spectrum 
means for spreading the spectrum of each branch 
output of said modulating means by means of differ- 
ing diffusion codes, synthesizing means for synthe- w 
sizing and coding/multiplexing the output of said 
spread spectrum means, and transmitting means for 
transmitting said coded/multiplexed signal; and 

a receiver that comprises receiving means for 
receiving said coded/muKiplexed signal, branching is 
means for branching said received signal, inverse 
spread-spectrum means for inverse-spreading the 
spectrum of each branch signal by means of said 
plurality of diffusion codes of said transmitting side, 
demodulating means for individually demodulating 20 
each of the received signals of the plurality of 
branches that have been coded and separated by 
said inverse spread-spectrum means, de-interleave 
means for executing de-interleaving which is the 
rev^erse process of said interleaving of said transmit- 25 
ting side upon said plurafity of demodulated 
branches of received signals, delay means for delay 
coordination of each branch output of said de-inter- 
leave means by conferring differing delay times to 
each so as to absorb delay differences between 30 
branches conferred by said delay meems of said 
transmitting side, majority-discriminating means for 
majority discrimination of each branch signal 
derived by said delay means. 

35 

3. A transmitter comprising the transmitter only of claim 
1 or claim 2. 

4. A receiver comprising the receiver only of claim 1 or 
claim 2. 40 
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